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I n t roduct ion  
Since the in t roduct ion  of  e lec t ron  mlcroscopy in the f ie ld  of  texture  research ,  
a la rge  amount of  data has been gathered wi th  respect  to the s t ruc ture  and the 
or ientat ion  d i s t r ibut ion  in heav i ly  ro l led  copper.  Extens ive  o r ientat ion  
determinat ions  of  ind iv idua l  g ra ins  were car r ied  out (1 ,2)  in o rder  to c la r i fy  
the nature  of  the de format ion  texture .  Separate s tud ies  of  the s t ruc ture  of  the 
deformed matr ix  were made in order  to determine  poss ib le  nuc leat ion  mechanisms 
dur ing  recrys ta l l i za t ion  (3 ,4 ) .  Unt i l  now less a t tent ion  has been paid to the 
morphology of the deformed s t ruc ture :  the deformed s t ruc ture  in re la t ion  to 
i t s  o r ientat ion  (5) .  
The resu l t s  presented here are par t  of  a cur rent  research program wi th  an 
emphasis on th i s  combinat ion .  A p lane-s t ra in  de format ion  mode was chosen in 
order  to guarantee a bet ter  cont ro l led  de format ion  process ,  which produces 
textures  more or less ident i ca l  to the ro l l ing  texture .  
The pr inc ipa l  exper imenta l  resu l t s  can be summarized as fo l lows :  
a No t rans i t ion  bands, as observed by Walter  and Koch (6) and Hu (3) and 
pred ic ted  by D i l l amore  et a l .  (7) seem to be c reated  even in those 
or ientat ion  arrangements which seem par t i cu la r ly  f i t  fo r  the i r  c reat ion .  
b) Deformat ion  tw inn ing  apparent ly  does not p lay  a re levant  ro le  dur ing  the 
de format ion  process ,  as was pred ic ted  by Wassermann (8) .  
c) Extended reg ions  of  the deformed s t ruc ture  are character i zed  by near ly  
common <l lO>-axes  s i tuated  in the v ic in i ty  of  the t ransversa l  p lane ,  as was 
proposed by Verbraak (9, i0 ,  11) on the basis  of  an ana lys i s  of  the textures  
of  ro l led  s ing le  c rys ta l s  and po lycrys ta l l ine  copper.  
Exper imenta l  
The po lycrys ta l l ine  copper used had a pur i ty  of  99,99%. In i t ia l l y ,  the as cast 
cy l indr i ca l  specimen was subsequent ly  deformed to a rec tangu lar  shape of 
50x35x10 mm by press ing  and ro l l ing  in var ious  planes and d i rec t ions ,  w i th  
in termed ia te  heat t reatments .  A near random texture  resu l ted .  
P lane-s t ra in  de format ion  was now app l ied  in steps of  30, 50, 66, 80 and 91% 
(a l though Molykote was used as a lubr i cant ,  f r i c t ion  caused a not complete ly  
p lane-s t ra in  de format ion  process ) .  A f te r  ach de format ion  step {200}- ,{111}-  
and {220}-  back - re f lec t ion  pole  f igures  were measured wi th  a Ph i l ips  texture -  
gon iometer  (p i tch  5o) ,  and specimens fo r  t ransmiss ion  e lec t ron  microscopy of  
the planes perpend icu la r  to the T .D . ,  the C.P.N. (beyond 50% reduct ion)  and the 
F .D .~ (on ly  at 91% reduct ion)  were prepared by cut t ing  small  sec t ions  w i th  a 
Buehler  diamond cut t ing  wheel and subsequent e lec t rochemica l  th inn ing  in a 
S t ruers  Tenupol w i th  D2-e lec t ro ly te .  From 66% reduct ion ,  the remain ing  mater ia l  
was s tored in l iqu id  N 2 to avoid  recrys ta l l i za t ion  at ambient temperature  (12) .  
This work is par t  of  the research program of  the research group FOM-TNO of 
the "S t i cht ing  voor fundamenteel  onderzoek der mater ie"  (Foundat ion  fo r  
fundamental  research of  mat ter -F .O .M. )  and was made poss ib le  by f inanc ia l  sup- 
support  from the "Neder landse organ isat ie  voor zu iver  wetenschappe l i j k  onder-  
zoek" (Dutch organ isat ion  fo r  pure research-Z .W.O. ) .  
mm T.D. is t ransversa l  d i rec t ion ;  F.D. is f ree  d i rec t ion  ( to  be compared wi th  the 
ro l l ing  d i rec t ion)  and C.P.N. is the compress ionp lane normal (compare ro l l ing  
plane normal ) .  
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Results 
Fig. I gives an example of the development of the texture. I t  can be concluded 
that after 31% deformation the {112}<111> (or {4 4 11}<11 1 8>) texture component 
is already considerably stronger than the {110}<112> component. This is in contra- 
diction with the observations presented by Bunge et al. (13) and by Kallend and 
Davies (14), who observed a stronger {110}<112> component up to 70% and 95% rol-  
ling deformation, respectively. The orientations measured with the T.E.M. were 
plotted in {200}-pole figures for comparison with the pole figures, obtained by X- 
ray measurements ( f ig .  2). 
The correlation between both methods is better at higher reductions. This can 
partly be explained from the fact that three di f ferent sections of the specimen 
were transmitted only after 91% deformation (resulting in 305 measured orientat- 
ions). Furthermore a larger area has to be transmitted after low amounts of def- 
ormation, because of the fact that the areas with a uniform orientation d is t r ib -  
ution wi l l  be more extended. In these observations no Kikuchilines ~ere observed, 
therefore an uncertainty of approximately 60 has to be allowed for the orientat- 
ions plotted in f ig .  2. In general, i t  can be said that the T.E.M.-observations 
bear great resemblance to similar results obtained by Gotthardt et al. (5): areas 
with dissimilar orientations are lying next to each other without any transit ion.  
After small amounts of deformation no transitionbands were detected, contrary to 
observations of Walter and Koch (6), who found transitionbands after small amounts 
of deformation gradually decreasing in thickness with increasing deformation. 
Heye and Wassermann (15) describe the sp l i t t ing  up of the {110}<001> orientation 
into the symmetrical (110)J112J and (110)i112Jorientations. A transitionband 
should be expected between these deformation bands. 
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Fig. 3 
{ l l0}<l l2>or ientot ion  ar rongement  at ~0% 
deformat ion  
A = (110) (112]  
B = (110) [2~]  
C =(110)  [335]  
1 = (110) [~12]  
2 = (110) [7716] 
3 = (110} [225]  
4 = (110) [113]  
5 = (110) [1-1B] 
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f ig .  5a: The locat ion  of  
the <110> s l ipd i rec t ion  
w i th  respect  to the F .D. ;  
the T.D. and the C.P.N. 
of  the specimen. 
f ig .  5b: A comparison of  
the Cu-deformat ion  textu -  
re as descr ibed  by the 
O.D.F. (16) and as res-  
u l t ing  from a ro ta t ion  
around a common s l ip -  
d i rec t ion•  
f ig .  5c: The spread in 
the locat ion  of  the 
"common" s l ipd i rec t ion .  
f ig .  5d: P lo t  of  the 
<I I0> d i rec t ions  near d 
the t ransversa l  p lane ,  
as observed a f te r  91% 
p lane-s t ra in  deform- 
a t ion .  
91% 
I 
i l 
L ° o 
! " ' i  
I" ! 
I 4 
J . .~ 
I l ! ' i  
952 MORPHOLOGY OF DEFORMED COPPER Vol. Ii, No. II 
F ig .  3 shows a s imi la r  o r ientat ion  arrangement a f te r  80% deformat ion .  I t  can be 
concluded from the matching d i f f rac t ion  pat tern  that  the two d is t inc t  o r ientat ions  
are s i tuated  next  to each other w i thout  a t rans i t ionband.  Ne i ther  could  th i s  a r -  
rangement of  o r ientat ions  be c reated  by mechanical  tw inn ing  s ince  the reso lved  
shear s t ress  on the tw inn ing  plane ( the  ( l l l ) -p lane ,  4 .e .  the t ransversa l  p lane)  
i s  zero .  
On the who le ,  mechanical  tw inn ing  was observed on ly  occas iona l ly .  I t  should be 
born in  mind however,  that  these tw ins  are o f ten  d i f f i cu l t  to detect ,  as can be 
seen from a representat ive  example in f ig .  4. 
None of  the tw ins  observed had the {552}<115> or ientat ion ,  as pred ic ted  by 
Wassermann (8 ) .  Th is  i s ,  however,  in  good agreement w i th  the resu l t s  o f  Verbraak 
and S lakhors t  on Cu-s ing le  c rys ta l s  (12) .  
Because o~ these observat ions  mechanical  tw inn ing  can hard ly  be expected to p lay  
a ro le  dur ing  the development of  the CuZro l l ing  texture .  Accord ing  to Verbraak 
(9,  I0 ,  I i )  the copper ro l l ing  texture  should  be descr ibed  as a ser ies  of  o r ient -  
a t ions  obtained by the rotation from (i i0)I I121 via (121)11111 to (011)12111 
around their nearly common 11011 sl ip direction ( i .e .  tile active sl ip 
direction which causes no broadening of the specimen), lying in the transversal 
plane ( f ig .  5a). I t  can be seen from a comparison with f ig.  5b that this des- 
cription is in excellent agreement with the spread of orientations presented by 
the O.D.F. skeletonline (Bunge and Tobisch (16) ) .  
For the purpose of a s ta t i s t i ca l  evaluation a spread around the theoretical 
direction was chosen as shown in f ig .  5c. The T.E.M. observations on the 91% 
deformed specimens proved that 78% out of 305 orientations investigated had a 
<110> sl ip direction in this area of spread around the theoretical position 
( f ig .  5d), whereas in a randomly oriented specimen this would hold for only 23% 
of the crystals. Furthermore, i t  should be noted that 11% of the orientations 
measured after 91% deformation was s t i l l  between {110}<001> and {110}<112> and 
i t  can be expected that these orientations wi l l  complete their  rotation to the 
stable {110}<112> orientation at higher amounts of deformation. This w i l l  s t i l l  
further increase the percentage of crystals with a <110> direction in the area 
defined to about 90%. 
From these results i t  may be concluded that the macroscopic description of the 
Cu ro l l ing texture by Verbraak is also valid for a microscopic description of 
the arrangement of orientations in extended areas. I t  was suggested by Verbraak 
(10,11) that this orientational arrangement is of great significance for the 
nucleation of new orientations during recrysta l l i zat ion.  
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